AFRL-ML-WP-TP-2007-493 


TRIPLET  EXCIMER  FORMATION  IN  A  PLATINUM 
ACETYLIDE  (PREPRINT) 


Thomas  M.  Cooper  and  Augustine  M.  Urbas 

Hardened  Materials  Branch 
Survivability  and  Sensor  Materials  Division 


APRIL  2007 


Approved  for  public  release;  distribution  unlimited. 

See  additional  restrictions  described  on  inside  pages 


STINFO  COPY 


AIR  FORCE  RESEARCH  LABORATORY 
MATERIALS  AND  MANUFACTURING  DIRECTORATE 
WRIGHT-PATTERSON  AIR  FORCE  BASE,  OH  45433-7750 
AIR  FORCE  MATERIEL  COMMAND 
UNITED  STATES  AIR  FORCE 


NOTICE  AND  SIGNATURE  PAGE 


Using  Government  drawings,  specifications,  or  other  data  included  in  this  document  for  any 
purpose  other  than  Government  procurement  does  not  in  any  way  obligate  the  U.S.  Government. 
The  fact  that  the  Government  formulated  or  supplied  the  drawings,  specifications,  or  other  data 
does  not  license  the  holder  or  any  other  person  or  corporation;  or  convey  any  rights  or 
permission  to  manufacture,  use,  or  sell  any  patented  invention  that  may  relate  to  them. 

This  report  was  cleared  for  public  release  by  the  Air  Force  Research  Laboratory  Wright  Site 
(AFRL/WS)  Public  Affairs  Office  and  is  available  to  the  general  public,  including  foreign 
nationals.  Copies  may  be  obtained  from  the  Defense  Technical  Information  Center  (DTIC) 
(http://www.dtic.mil). 

AFRL-ML- WP-TP-2007 -493  HAS  BEEN  REVIEWED  AND  IS  APPROVED  FOR  PUBLICATION  IN 
ACCORDANCE  WITH  ASSIGNED  DISTRIBUTION  STATEMENT. 


*//Signature// 

THOMAS  M.  COOPER,  Ph.D. 
Agile  Limiters  Project 
Exploratory  Development 
Hardened  Materials  Branch 


//Signature// 

MARK  S.  FORTE,  Acting  Chief 
Hardened  Materials  Branch 
Survivability  and  Sensor  Materials  Division 


//Signature// 

TIM  J.  SCHUMACHER,  Chief 
Survivability  and  Sensor  Materials  Division 


This  report  is  published  in  the  interest  of  scientific  and  technical  information  exchange,  and  its 
publication  does  not  constitute  the  Government’s  approval  or  disapproval  of  its  ideas  or  findings. 


*Disseminated  copies  will  show  “//Signature//”  stamped  or  typed  above  the  signature  blocks. 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  searching  existing  data 
sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of 
information,  including  suggestions  for  reducing  this  burden,  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson 

Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a 
collection  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 

1.  REPORT  DATE  (DD-MM-YY) 

April  2007 

2.  REPORT  TYPE 

Journal  Article  Preprint 

3.  DATES  COVERED  (From  -  To) 

4.  TITLE  AND  SUBTITLE 

TRIPLET  EXCIMER  FORMATION  IN  A  PLATINUM  ACETYLIDE  (PREPRINT) 

5a.  CONTRACT  NUMBER 

In-house 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

62102F 

6.  AUTHOR(S) 

Jonathan  E.  Slagle  (AT&T  Government  Solutions) 

Thomas  M.  Cooper  and  Augustine  M.  Urbas  (AFRL/MLPJ) 

Douglas  M.  Krein  (General  Dynamics  Information  Technology,  Inc.) 

Joy  E.  Rogers  (UES) 

Daniel  G.  McLean  (Science  Applications  International  Corporation) 

5d.  PROJECT  NUMBER 

4348 

5e.  TASK  NUMBER 

RG 

5f.  WORK  UNIT  NUMBER 

M08R1000 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDR 

AT&T  Government  Solutions 

Dayton,  OH  45324 

tESS(ES) 

General  Dynamics  Information  Technology, 

Inc. 

Dayton,  OH  45431 

UES 

4401  Dayton-Xenia  Road 

Dayton,  OH  45432 

Science  Applications  International 

Corporation 

Dayton,  OH  45433 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

AFRL-ML-WP-TP-2007-493 

Hardened  Materials  Branch  (AFRL/MLPJ) 
Survivability  and  Sensor  Materials  Division 
Materials  and  Manufacturing  Directorate 
Wright-Patterson  Air  Force  Base,  OH  45433-7750 
Air  Force  Materiel  Command 

United  States  Air  Force 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Research  Laboratory 

Materials  and  Manufacturing  Directorate 

Wright-Patterson  Air  Force  Base,  OH  45433-7750 

Air  Force  Materiel  Command 

United  States  Air  Force 

10.  SPONSORING/MONITORING 
AGENCY  ACRONYM(S) 

AFRL/MLPJ 

11.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER(S) 

AFRL-ML-WP-TP-2007-493 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited. 

13.  SUPPLEMENTARY  NOTES 

Journal  article  submitted  to  Chemistry  of  Materials. 

The  U.S.  Government  is  joint  author  of  this  work  and  has  the  right  to  use,  modify,  reproduce,  release,  perform,  display, 
or  disclose  the  work.  PAO  Case  Number:  AFRL/WS  07-0635,  20  Mar  2007. 


14.  ABSTRACT 

To  prove  the  source  of  ground  state  self-quenching  in  /ra^-Pt(P(P(C8H17)3)2(C=CC6H4C=CC6H5)2  is  a  result  of  triplet  excimer 
formation,  we  carried  out  nanosecond  transient  absorption  measurements  on  multiple  concentrations.  By  constructing  a  kinetic 
model  for  the  system  we  were  able  to  determine  rate  constants  for  the  formation  and  decay  of  the  triplet  excimer,  4.7  x  106  M'V1  and 
6.9  x  105  s"1  respectively.  We  determined  the  transient  absorption  spectmm  for  the  excimer  which  has  an  extinction  coefficient 
maximum  per  excimer  unit  of  95,680  M^cm1  at  600nm.  Experimental  analysis  suggests  that  the  formation  of  the  triplet  excimer  is 
largely  due  to  a  ligand  to  ligand  interaction. 


15.  SUBJECT  TERMS 

Self-quenching,  transient  absorption  spectrum,  Excimer 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

18.  NUMBER 

19a.  NAME  OF  RESPONSIBLE  PERSON  (Monitor) 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

OF  ABSTRACT: 

OF  PAGES 

Thomas  M.  Cooper 

Unclassified 

Unclassified 

Unclassified 

SAR 

24 

19b.  TELEPHONE  NUMBER  (Include  Area  Code) 
N/A 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39-18 


1 


1 


Triplet  Excimer  Formation  in  a  Platinum  Acetylide 

1  'Jonathan  E,  Slagle *,  1  Thomas  M.  Cooper,  !  3 Douglas  M.  Krein,  L4j0y  £.  Rogers, 
L5 Daniel  G.  McLean,  and 1 Augustine  M.  Urhas 


'Materials  and  Manufacturing  Directorate,  Air  Force  Research  Laboratory, 
Wright-Patterson  Air  Force  Base,  OH  45433 
2AT&T  Government  Solutions,  Dayton,  OH  45324 
3 General  Dynamics  Information  Technology  Inc.,  Dayton,  4543 1 
4UES,  Inc.,  Dayton,  OH  45432 


5 Science  Applications  International  Corporation,  Dayton,  OH  45433 


2 


Abstract 

To  prove  the  source  of  ground  state  self-quenching  in  trans- 
Pt(P(C8H,7)3)2(C=CC6H4C=CCt>H5)2  is  a  result  of  triplet  excimer  formation,  we  carried 
out  nanosecond  transient  absorption  measurements  on  multiple  concentrations.  By 
constructing  a  kinetic  model  for  the  system  we  were  able  to  determine  rate  constants  for 
the  formation  and  decay  of  the  triplet  excimer,  4.7  x  106  M'V  and  6.9  x  I05  s'1 
respectively.  We  determined  the  transient  absorption  spectrum  for  the  excimer  which  has 
an  extinction  coefficient  maximum  per  excimer  unit  of  95,680  IVr'cm1  at  600nm. 
Experimental  analysis  suggests  that  the  formation  of  the  triplet  excimer  is  largely  due  to  a 
ligand  to  ligand  interaction. 
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Introduction 

Platinum  acetylides  are  exceptional  systems  for  investigating  triplet  state 
phenomena  like  ground  state  absorption  to  the  triplet  state,  intersystem  crossing,  the 
triplet  state  absorption  spectrum  and  phosphorescence(l-9).  In  our  laboratory,  we  have 
been  investigating  the  relationship  between  chemical  structure  and  spectroscopic 
properties  in  platinum  acetylide  complexes(l,10,l  1).  We  recently  synthesized  a  platinum 
acetylide  PtCPtCgHn^^tOCCekLtC^CCeHj^,  designated  as  PE2-octyl  in  Figure  1,  that 
is  a  liquid  at  room  temperature(8).  The  chromophore  concentration  is  approximately  0.9 
moles  of  chromophore  per  liter  of  liquid.  Its  high  solubility  and  liquid  character  make  it 
possible  to  investigate  the  photophysics  from  a  dilute  solution  to  a  neat  liquid.  The  triplet 
state  of  degassed,  dilute  PE2-octyl  shows  single  exponential  decay  with  a  lifetime  of  83 
ps,  in  good  agreement  with  the  42  ps  lifetime  of  degassed,  dilute  PE2-butyl(l).  The 
triplet  state  of  air-saturated,  neat  PE2-octyl  shows  biexponential  decay  with  a  fast 
lifetime  of  26  ns  and  a  slow  lifetime  of  1 .2  ps.  The  different  behavior  in  the  neat  liquid 
may  result  from  a  combination  of  oxygen  quenching,  triplet-triplet  annihilation  and  triplet 
excimer  formation. 

In  this  paper  we  have  investigated  the  behavior  of  the  triplet  state  absorption 
spectrum  of  PE2-octyl  as  a  function  of  concentration.  We  have  found  evidence  of  self¬ 
quenching  resulting  from  formation  of  a  triplet  excimer  and  determined  the  triplet  state 
absorption  spectrum  of  the  excimer.  In  contrast  to  the  broad  and  featureless  spectrum  of 
the  monomer  unit,  we  found  the  excimer  absorption  spectrum  to  have  a  narrow  band 
shape  and  vibronic  structure. 
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Experimental 

Ground  state  UV/Vis  absorption  spectra  were  measured  using  a  Cary  500 
spectrophotometer.  Nanosecond  transient  absorption  measurements  were  carried  out 
using  a  Q-switched  Nd:YAG  laser  (Quantel  Brilliant,  pulse  width  ca.  5  ns).  For  self¬ 
quenching  measurements,  an  optical  parametric  oscillator  (OPO)  was  used  to  produce 
excitation  wavelengths  tunable  from  320nm-470nm.  The  excitation  wavelength  was 
tuned  with  the  OPO  to  match  an  optical  density  of  <0.2  in  the  sample.  Pump  fluences  did 
not  exceed  8mJ/cm2.  A  detailed  description  of  the  laser  flash  photolysis  apparatus  has 
been  published  earlier(l).  All  samples  were  prepared  in  benzene  and  deoxygenated  by 
three  cycles  of  freeze-pump-thaw. 

The  molar  extinction  coefficient  of  T|->Tn  absorption  and  the  triplet  state 
quantum  yield  was  determined  using  the  method  of  total  depletion(12)  and  confirmed 
with  singlet  depletion,  which  has  been  described  previously(l). 

PE2-octyl  was  prepared  as  previously  described(8). 

Results  and  Discussion 

Typically,  triplet  excimers  are  observed  through  red  shifted  phosphorescence  that 
has  a  characteristic  rise  that  corresponds  to  the  decay  of  the  monomer  followed  by  the 
excimer  decay  itself(13)  or  through  transient  absorption  of  the  excimer  with  similar 
kinetic  bchavior(14).  There  has  been  a  considerable  amount  of  research  on  the  excimer 
emission  of  bidentate  substituted  Pt  (II)  complexes  with  observable  excimer  emission(15- 
17).  There  has  been  little  however  on  the  self-quenching  and  excimer  formation  of  trans- 
platinum  poly-ynes(18).  We  have  been  able  to  detect  triplet  excimer  formation  in  PE2- 
octyl  by  way  of  transient  absorption.  However,  efforts  to  measure  the  emission  from  the 
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triplet  excimer  have  been  unsuccessful  as  the  decay  is  likely  non-radiative  and  therefore 
we  have  been  unable  to  determine  the  energy  separation  between  the  triplet  monomer  and 
triplet  excimer. 

The  first  indication  of  a  triplet  excimer  is  found  in  Figure  3  which  shows  the 
transient  absorption  spectra  for  PE2 -octyl  at  57mM  concentration  in  deoxygenated 
benzene  as  a  function  of  time.  At  time  zero,  the  spectrum  resembles  that  of  dilute 
(<10juM)  PE2-octyl  with  a  broad,  featureless  transition  centered  on  600nm.  As  time 
increases,  the  spectrum,  which  is  still  centered  at  600nm,  narrows  and  develops  more 
vibronic  structure  which  is  likely  due  to  a  decrease  in  conformational  mobility  within  the 
ligand  in  the  excimer.  This  implies  that  the  excimer  structure  is  such  that  rotation  along 
the  acetylide  axis  is  hindered.  There  is  an  isosbestic  point  located  at  615nm  suggesting 
that  there  are  only  two  species  present  in  the  transient  absorption  spectra.  This  behavior 
is  not  present  at  dilute  concentrations  nor  is  there  any  evidence  of  ground  state 
aggregation.  Ground  state  Beer-Lam bert  plots  are  linear  over  the  range  tested  in  this 
study.  While  some  triplet  excimers  have  shown  a  red  shift  in  the  T|->Tn  absorption 
spectrum(14,19,20),  however  in  this  case  the  energy  separation  for  the  transition  is 
conserved. 

We  use  the  following  scheme  to  describe  the  reaction  behavior  for  PE2-octyl 


monomer  and  excimer(2I). 

M  —  >3M* 

excitation  and  intersystem  crossing 

(1) 

3M’  — ^->M  +  hu,  A 

phosphorescence  or  non-radiative  decay 

(2) 

3M*+M  — 3E* 

Formation  of  triplet  excimer 

(3) 

3E*  — M  +  M 

Excimer  decay  and  dissociation 

(4) 
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Here  km  and  ksq  convolve  to  form  one  observed  decay  rate,  k0bs,  for  the  triplet  monomer 
which  is  linear  with  ground  state  concentration  [M\. 

kobs  km  +  (5) 

Following  integration  of  the  differential  equation  for  the  change  in  triplet  monomer 
concentration  with  time  yields  a  first  order  exponential  decay. 

[3M  (6) 

Values  for  ksq  and  km  can  be  solved  simply  by  a  linear  fit  of  k0bS  versus  concentration  plot. 
A  series  of  concentrations  ranging  from  1-lOmM  were  deoxygenated,  and  their  transient 
absorption  spectra  recorded  for  this  purpose.  Fig.  2  shows  an  example  of  the  Stem- 
Volmer  plot  at  470nm.  Because  the  spectral  features  for  the  triplet  excimer  and  monomer 
overlap  significantly,  wavelengths  must  be  chosen  such  that  the  differential  absorbance 
decay  is  a  result  of  only  monomer  excited  states.  For  PE2-octyl,  the  wavelength  range 
was  set  at  420-510  nm  with  the  blue  cutoff  due  to  strong  inter-filter  effects  and  the  red 
cutoff  due  to  strong  excimer  absorption  in  the  transient  decay.  Stern-Volmer  plots  at 
lOnm  increments  from  420-5  lOnm  were  averaged  to  give  a  value  for  ksq  and  km  of  4.7  x 
106  ±  0.3  NT's'1  and  1.1  x  104  ±  0.2  s’1  respectively.  The  order  of  magnitude  agrees  well 
with  ksq  values  reported  for  aromatic  hydrocarbons(21)  and  km  agrees  well  with 
measurements  from  dilute  PE2-octyl(8).  This  does  not  however  agree  with  values 
reported  for  Pt  (II)  diimine  complexes  where  ksq  is  on  the  order  of  1 09  NT's'1  and  has  been 
described  as  a  metal-metal  interaction^  5).  Prior  work  has  shown  that  the  triplet  state  for 
the  monomer  PE2-octyl  is  localized  on  one  of  the  conjugated  ligands(22,23).  Therefore, 
it  seems  likely  that  the  formation  of  the  triplet  excimer  is  due  largely  to  ligand 
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interactions  for  these  molecules  and  seems  to  be  reflected  in  the  self-quenching  rate 
constants  resembling  aromatic  hydrocarbons.  This  was  verified  by  quenching  the  triplet 
state  of  a  similar  compound  PE2-ethyI,  Pt(P(C2H5)3)2(C=CC6H4C=CC6Hs)2,  with 
increasing  concentrations  of  ligand,  HC=CC6H4C=CC6H5.  The  kq  was  determined  to  be 
on  the  order  of  1  x  10  M's"  for  this  process  which  is  more  than  one  order  of  magnitude 
faster  than  ksq  for  PE2-ethyl  alone.  This  is  likely  a  result  of  potential  energy  barrier 
associated  with  steric  hindrance  of  the  central  platinum  and  alkyl  phosphine  chains. 
There  may  also  be  a  dependence  on  the  conformation  of  the  two  molecules  which  allows 
the  ligand  to  be  more  efficient.  Other  self-quenching  experiments  we  have  performed 
showed  litt  le  dependence  of  the  size  of  the  alkyl  phosphine  chain  on  the  central  platinum. 
Values  for  the  ethyl,  butyl,  and  octyl  all  share  the  same  order  of  magnitude.  We  would 
therefore  expect  that  the  result  of  the  PE2-ethyl  experiment  to  translate  to  PE2-octyl.  It 
should  be  noted  that  PE2-ethyl  was  substituted  in  this  case  because  of  limited  availability 
of  PE2-octyl.  It  would  also  be  expected  that  if  the  platinum  were  playing  a  large  role  in 
the  formation  of  the  triplet  excimer  that  increasing  the  alkyl  phosphine  chain  would 
hinder  the  efficiency  of  self-quenching  which  is  not  the  case. 

From  Scheme  1,  a  differential  equation  can  also  be  made  to  represent  the  change 
in  excimer  concentration,  [J£*]s  versus  time.  This  equation  has  been  solved  previously  to 
yield 


-  Kbs 


(7) 


This  biexponential  equation  represents  the  formation  and  decay  of  the  excimer.  However 
the  data  is  recorded  as  convolution  of  monomer  and  excimer  differential  absorption. 
Therefore  a  combination  of  equations  6  and  7  is  required  to  fit  the  transient  decay  curve. 
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After  combining  and  substituting  AA=  (Asm\^M*\  +  Ae^E*])!  and  AAq^As,^  we 
have 


A  A  =  c(e  *“**'  -  ek,‘  )+  A 


(8) 


where 


(9) 


Here  Aem  has  been  measured  previously  through  total  depletion.  Since  ksq  and  km  are 
already  known,  that  leaves  ke  and  Aee  as  adjustable  parameters.  Figure  4  shows  the 
experimental  differential  absorption  data  along  with  equations  2-4  as  a  function  of  time 
superimposed  on  the  raw  data.  Table  1  shows  the  values  that  were  determined  from  those 
equations  for  PE2 -octyl.  We  can  also  solve  for  the  transient  absorption  spectrum  of  the 
triplet  excimer  by  subtracting  AA  contributed  from  the  monomer  at  long  times.  In  Figure 
3,  at  8.9ps  roughly  60%  of  the  differential  absorption  is  a  result  of  the  excimer  and 
therefore  the  monomer  can  be  more  easily  subtracted.  We  can  calculate  the  concentration 
of  monomer  present  at  8.9ps  from  equation  6  and  from  there  determine  its  contribution 
by  multiplying  through  by  Aem  at  each  wavelength.  Figure  5  shows  the  molar  extinction 
coefficient  spectrum  of  the  PE2-octyl  excimer  after  subtracting  the  AA  from  the  monomer 
and  applying  the  extinction  coefficient  measured  for  the  excimer  at  600nm. 

The  order  of  magnitude  for  ke  gives  a  lifetime  of  1.4ps  which  is  considerably 
shorter  than  the  lifetime  of  the  monomer  at  91  ps  but  does  correlate  to  the  long  decay, 
1.2ps,  present  in  the  neat  sample  which  was  measured  previously(8).  We  speculated 


earlier  that  the  fast  decay  of  the  neat  sample  could  be  a  result  of  oxygen  quenching, 
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triplet-triplet  annihilation,  or  self-quenching  by  triplet  excimer  formation.  The  most 
likely  case  under  the  low  flucncc  conditions  of  laser  flash  photolysis  for  the  fast  decay  is 
a  combination  of  self-quenching  and  oxygen  quenching.  Triplet -triplet  annihilation  will 
only  be  a  factor  under  intense  laser  radiation  in  which  the  ground  state  is  depleted. 

The  triplet  excimer  can  be  described  as  a  combination  of  charge  transfer  and 
resonance  interactions  between  monomer  units(24). 

¥(3£*)  =  +  c2vV(M~M  +  )  +  cJ¥(M  *  M)  +  (10) 

The  experimental  observations  give  insight  into  the  excimer  structure.  The  lack  of 
aggregation  effects  gives  evidence  for  a  repulsive  ground  state  interaction  between  the 
monomer  units,  required  for  the  formation  of  an  excimer.  Compared  to  the  monomer 
triplet  state  absorption  spectrum,  the  excimer  spectrum  shows  narrowing,  vibronic 
structure,  but  still  has  the  same  peak  maximum.  This  behavior  contrasts  with  that  of  the 
naphthalene  triplet  state  excimer,  where  its  triplet  state  absorption  is  red-shifted  and 
broadened  from  that  of  the  monomer(25).  This  difference  suggests  the  triplet  exciton 
primarily  resides  on  one  monomer  unit,  ruling  out  strong  charge  transfer  and  resonance 
interactions  w'ith  the  other  monomer  unit,  therefore  C3  »  c\,  Cj  and  C4,  This  behavior  is 
consistent  with  previous  work  showing  the  triplet  exciton  is  confined  to  one  ligand(23). 
We  did  not  observe  any  excimer  phosphorescence  and  the  excimer  decay  rate  is  about  60 
times  faster  than  the  monomer  decay  rate.  Assuming  a  small(<|><l  O'3)  excimer  emission 
quantum  yield,  the  rate  of  non-radiative  intersystem  crossing  is  greater  than  the  rate  of 
radiative  decay,  knr(Ti— *  So)  »  kr(T[— *  Sq).  The  enhanced  quenching  rate  by  the  ligand 
on  the  platinum  complex  and  the  appearance  of  narrowing  and  vibronic  structure  in  the 
excimer  triplet  absorption  spectrum  give  evidence  that  steric  effects  are  important  in  the 
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excimer  structure.  The  steric  crowding  of  the  octyl  groups  probably  limits  the  interaction 
between  the  ligand  units  to  the  outer  phenyl  acetylene  groups.  The  rate  of  intersystem 
crossing  results  from  a  combination  of  Franck-Condon  and  spin  orbit  factors.  The 
electronic -vibrational  interaction  between  the  frontier  orbitals  of  the  two  monomer  units, 
combined  with  the  heavy  atom  effect  of  the  two  platinum  atoms  accounts  for  the 
enhanced  rate  of  non-radiative  decay  to  the  ground  state,  but  compared  to  self-quenching 
in  platinum  diimine  complexes(15),  the  monomer  interactions  are  weak. 
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Figurcl:  Chemical  structure  of  PE2-octyl. 
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Figure  2:  Stem-Volmer  plot  of  k0bs  vs.  concentration  for  PE2- octyl  in  deoxygenated 
benzene.  Laser  excitation  wavelength  was  397,  400,  408,  and  41  lnm  starting  from 
lowest  concentration  to  highest. 
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Figure  3:  Transient  absorption  spectra  of  57mM  PE2-octyl  in  deoxygenated  benzene 
after  476nm  laser  excitation  at  different  times.  At  600nm  the  time  increases  form  zero, 
1 50,  300,  450,  600,  750,  and  900ns  in  the  direction  of  the  arrow. 
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Figure  4:  600nm  transient  decay  of  57mM  PE2-octyl  in  deoxygenated  benzene  following 
laser  excitation  of  476nm. 
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Figure  5:  Molar  extinction  coefficient  for  PE2-octyl  excimer  in  deoxygcnated  benzene. 
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1  1  1 
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^4 

Asm(600njn)  /M‘ W‘ 

ASe(600nm)  /M^Ctn"1 

PE2-octyl 

6.94  ±0.05 

4.7  ±0.3 

1.1  ±0.2 

46740 

95680 

Table  1:  Kinetic  rate  constants  and  differential  extinction  coefficients  for  PE2-octyl. 
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